Enhanced two-photon decay has been observed for the first time in an electric dipole transition between two Rydberg levels coupled to a single mode of a strongly driven microwave cavity. This was achieved by dynamically suppressing the otherwise dominant single-photon decay. The experiment is compared with a dressed-state model which treats the external driving field exactly. Cavity-induced emission and absorption rates are calculated to fourth order in the interaction to include two-photon processes, and are found to fit the experimental data well. [S0031-9007(96) PACS numbers: 42.50. Hz, 32.70.Jz, 32.80.Rm, 84.40.Ik The coupling of an atom to the electromagnetic vacuum of the surrounding field modes leads to spontaneous decay. For low-lying atomic states in free space this coupling is weak, so that the decay rate may be calculated using perturbation theory [1]. It is usually sufficient to keep only the lowest-order contribution, which is quadratic in the coupling and may be interpreted as the emission of a single photon. The next-order correction is due to processes involving the exchange of two photons. It is quartic in the coupling and hence gives a much smaller contribution, which is masked by single-photon decay. Consequently, the observation of multiphoton spontaneous decay has so far been restricted to a few cases, where the lowest-order electric dipole transition is forbidden by selection rules [2]. Moreover, stimulated two-photon transitions have been used recently to achieve lasing [3,4] and masing [5].
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In the present experiment, we have been able to observe and theoretically model spontaneous two-photon transitions in a fundamental two-level system with electric dipole coupling. We consider Rydberg atoms in a microwave cavity driven by a strong external field. Earlier investigations of this system [6] have shown that the driving field, which is assumed to be near resonance with the atom, causes a dynamic modification of the singlephoton spontaneous emission rate. If the field is strong enough, complete suppression of decay can be achieved [7] . A similar effect has been predicted for optical transitions [8, 9] . In the work reported here, the absence of single-photon spontaneous emission is employed to study higher-order decay processes in the cavity that are otherwise obscured by the dominant one-photon decay.
The strong driving field leads to new eigenstates of the system, which are known as the semiclassical dressed states [10] . While the main consequence in free space is a spectral redistribution of the fluorescence intensity, with no change in the overall decay rate, things are quite different if the atom is enclosed by a cavity. The reason is that the rate at which an atom decays is proportional to the density of modes at the transition frequency. Transitions that are resonant with the cavity occur at an enhanced rate, while transitions at frequencies outside the cavity response function are effectively suppressed. Therefore, controlling the transition frequencies dynamically, by means of the injected field strength, allows one to modify the rate at which the atom undergoes spontaneous singlephoton emission.
The same technique may be employed to investigate two-photon spontaneous decay. We take advantage of the fact that the single-photon transition frequency and the two-photon transition frequency are separated by more than one cavity linewidth. Hence, for a suitable choice of cavity detuning and driving field parameters, singlephoton emission is completely suppressed, while at the same time two-photon transitions are enhanced by the cavity.
There are additional properties of driven (dressed) systems that make them a medium well suited for studying higher-order radiation processes. For a driving field tuned close to the unperturbed atomic frequency, multiphoton transitions between the dressed levels are resonantly enhanced. In order to achieve a similar enhancement with nondriven atoms, the presence of intermediate levels between upper and lower states is required [5] . Finally, a spontaneous two-photon transition between dressed levels is not restricted by parity and angular momentum of the unperturbed atomic states, as both of the original levels contribute to a given dressed state, and photons of the driving field are also involved.
In the optical domain, the favorable properties of dressed states have been employed to achieve two-photon lasing in a driven gain medium [4] . In this paper, we report the first observation of spontaneous and thermally induced two-photon transitions in the microwave region, using a dressed Rydberg atom system. For the cavity employed, the electric dipole coupling g and the cavity decay rate k are of the same order of magnitude, so that decay of higher order in g͞k cannot be neglected.
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